Since direct evidence of transmission of propagated waves into the hepatic veins (liver pulse) has been lacking, pressure pulses were recorded in the hepatic vein of the anesthetized dog. A constant presystolic positive wave, amplified by venous congestion and pulmonic compression, is demonstrated and shown to be transmitted from the atrium. During tricuspid insufficiency, a second transmitted positive wave is inscribed late in ventricular systole.
W HILE MacKenzie
1 and many cardiologists after him 2 have recorded pulsations from the right hypochondrial region (liver pulse) and attributed them to transference of pressure from the right atrium, it has never been demonstrated experimentally that such pulsations can be propagated backward through the inferior cava to the liver. The possibility that the oscillations recorded over the hepatic region may be distorted by impacts from abdominal vessels could not be entirely excluded.
This investigation was undertaken to determine whether such pulsations can be transmitted from the right atrium to the hepatic vein with sufficient reliability to be useful and to study the alterations that take place during venous congestion and tricuspid insufficiency.
METHODS
Adult mongrel dogs weighing between 11 and IS Kg. were premedicated with morphine and anesthetized with sodium barbital (ISO mg. per kilogram). Hepatic pulsations were recorded through a brass cannula, 46 cm. long, with an internal diameter of 2.7 mm., slightly curved at the tip, and introduced through the right jugular vein. In some instances it was possible to introduce the From the Department of Physiology, Western Reserve University School of Medicine, Cleveland, Ohio.
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tip of the cannula blindly into the hepatic vein, its position being verified at postmortem examination. In about 70 per cent of the experiments it was necessary to guide the cannula into position bimanually via a small transabdominal incision below the xiphoid. Aortic pressures were recorded through an appropriate cannula introduced into the left carotid artery. All pressure pulses were recorded by Gregg manometers of suitable sensitivity and proper frequency responses. In four animals the hepatocaval junction was occluded during recording of the hepatic venous pulsations. For this purpose a small collapsible rubber balloon cemented circumferentially near the open distal tip of the cannula was inflated through an indwelling polyethylene tube. Tricuspid insufficiency was produced by introducing a brass trocar through the right ventricular apex and thence into the atrium, according to the method of Wiggers. 3 Acute right heart congestion was simulated by sudden digital compression of the pulmonary con us.
RESULTS AND DISCUSSION
Present in all recordings with the tip of the sound properly placed is a presystolic positive wave, a ( fig. 1A ). This positive wave may be followed by a negative "dip," x, in about half the records (more apparent in fig. 15 ). The negative "dip," x, cannot be attributed to a decrease in intrathoracic pressure occurring during ventricular systole as some would imply 2 from a study of extra-abdominal volumetric curves since, when definitely present, it persists unchanged following opening of the thoracic cage. The deep negative wave n ted during ventricular systole and the secondary positive wave inscribed early in ventricular diastole in external volumetric curves 2 could not be identified in these pressure wave recordings.
During ventricular systole there is usually a cc. in 25 seconds); the increase in central venous pressure is reflected in the hepatic vein, and the accentuated negative "dip," x, is then followed by a steady gradual rise of pressure to the original level before the onset of the succeeding presystolic wave ( fig. IB) . Similar effects were produced when venous congestion was produced by compression of the pulmonary artery. Such amplification of the dwelling brass cannula (as in fig. IB ) the hepatic vein was occluded by the rubber balloon, the recorded pulsations were reduced to a mere trace or disappeared entirely, as in figure I .C. This demonstrates that the presystolic wave is not transmitted through hepatic vessels but represents a propagated presystolic wave.
To support this concept, serial recordings of 
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pressure changes were made during the intermittent withdrawal of the cannula from the hepatic vein into the right atrium. Figure 2 shows such a series of tracings related to an aortic pressure pulse. Reading the records from F to A, it is apparent from the intersecting lines that the upstroke of the presystolic wave falls progressively closer to the upstroke of the aortic pulse in tracings taken from the right atrium, the inferior vena cava, and the hepatic vein. The a-c interval decreases almost linearly with distance from 0.15 second in the midright atrium to 0.08 second well within the hepatic vein. Similar results were obtained in three other experiments, the heart rate in each instance remaining reasonably constant.
Further evidence of the atrial nature of the presystolic wave in the hepatic vein was its disappearance during induced atrial fibrillation and its reappearance on resumption of normal atrial rhythm.
The changes in the hepatic venous pulses after induction of tricuspid insufficiency are shown in figure 3 . Segment A shows the definite positive presystolic wave, a, and the characteristic "dip," x, in a control record. Segment B taken after creation of tricuspid insufficiency displays a second positive wave y late in ventricular systole due to regurgitation. The initial rise of this wave occurs approximately 0.08 second after the beginning of 2. A positive presystolic pressure wave usually followed by a negative "dip" is the one constant feature noted. Since these waves are abolished by occlusion of the hepatic vein proximal to cannulation, and since they can be followed with progressively decreasing a-c intervals from the right atrium to the hepatic vein, they represent propagated waves from the right atrium.
3. In the presence of tricuspid insufficiency a second positive wave is similarly transmitted during ventricular systole, whereas the only change noted during acute venous congestion is a marked amplification of the positive presystolic wave.
